Introduction:
Vitamin D (VD) is a group of fat-soluble micronutrients responsible for enhancing intestinal absorption of calcium, iron, magnesium, phosphate and zinc, playing a vital role in bone health via regulation of calcium metabolism [1] . Although VD is obtained to some extend from a limited number of foods and dietary supplements, the body produces VD primarily when the skin is exposed to ultraviolet sunlight. If the supply of VD is restricted, bone becomes the main target organ for calcium release, which leads to increased bone turnover and risk of bone loss in the long term. It is well established that prolonged and severe vitamin D deficiency (VDD) leading to rickets, the childhood form of osteomalacia. Less severe form of VDD is referred to as mild, marginal or vitamin D insufficiency which may increase bone turnover [2, 3] . Both forms of [4] . Normally, D 3 accounts for approximately 95% of the total circulating 25OH-D pool, whereas D 2 represents a minor fraction. More severe deficiency in 25(OH)D leads to clinical myopathy, osteomalacia in adults and rickets in children [5] . The detrimental effects of insufficient vitamin D before the appearance of skeletal deformities led to a growing interest of VDD and diagnosing the pre-rachitic and subclinical VDD is important for non-skeletal health benefits [6] .
When circulating 25OH-D concentrations are inadequate (hypovitaminosis D), intestinal calcium absorption and bone mineralization are impaired. Calcium DOI: 10.18535/ijmsci/v2i12.03
(Ca) is one of the most abundant trace elements present in the body shown to activate the enzymes involved in the production of reactive oxygen species and free radicals by the mitochondria [7] . Besides the effects in calcium and bone metabolism, epidemiological studies have shown antiinflammatory and immune-modulating properties of VD [8] .
Although vitamin A is essential in vision, immune response and epithelial cell growth and repair, excessive administration of vitamin A may interfere with absorption and/or metabolism of vitamin D, calcium and phosphorous [9] . Vitamin E is also known as a potent antioxidant essential for all cellular membrane functions to maintain the immune system [10] . Vitamin E deficiency (VED) may lead to rickets development, probably mediated to a certain extent through its influence on metabolism and functions of vitamin D [11] .
VDD during pregnancy leads to secondary hyperparathyroidism and hypocalcaemia in the neonates.
Vitamin D requirements vary based on customary calcium intake during pregnancy and lactation [12] . Although stunting and underweight are frequent and probably associated with rickets [13] , association of anthropometric indicators with subclinical VDD is yet to be established. Many countries implemented vitamin D food fortification policy for prevention of rickets; however, no such programme exists in India. Though majority of population in India are in areas receiving ample sunlight throughout the year, VDD is very common in all the age groups [14] . and BMI-for-age (BAZ) using the WHO Growth Standards [15] . Z-scores allow comparison of an individual's height or BMI, adjusting for age and sex relative to a reference population, expressed in standard deviations (SD) from the reference mean. Children with <-2SD of HAZ were indicated as stunted while those with <-2SD of BAZ were indicated as thinned [16] .
Two milliliter of blood sample was collected from [17] .
The whole blood samples without EDTA were lyophilized to make powder form using freeze-dried Centrivap concentrator (Labconco make no 010112731E).
The dried blood was ground to powder and mixed with high For purposes of the analysis, hypovitaminosis D is defined as 25OH-D concentrations below 20 ng/mL [18] and calcium levels below 220 ppm as hypocalcaemia [19] . Retinol concentrations <20 µg/dl was characterized as being VAD [20] and α-tocopherol <0.5 mg/dl as VED [21] . CRP concentration was considered elevated above 10 µg/ml [22] . 
Discussion
The present study reveals that 25% of children had subclinical VDD. School children had a lower level of vitamin D than that of preschool children. As the age from 6-12 years is the age for growth and skeletal structure development and age of [11] [12] adolescence, school children need more nutritional supplements. Children, particularly infants, may require less sun exposure to produce sufficient quantities of vitamin D because of greater capacity to produce than older people [23] . Data from national surveys show that the prevalence of low vitamin D status is less of a concern for children than for adolescents [24, 25] . It is surprising and disturbing to note that hypovitaminosis D is highly prevalent even in tropical countries like India with adequate sunshine [26] . Modern lifestyle changes have significantly reduced the total duration of sun exposure in children. UV-B, having shorter wavelength, tend to scatter earlier or later part of the day length and hence cutaneous vitamin D synthesis is maximum between 10 AM to 3 PM, the time when most of the children are either in school or indoors [27] . It was shown that in adolescent from Northern Ireland, even during summer and autumn, when serum 25(OH)D 3 levels should be at their highest, about 9-15% of 11-15year old boys and girls had VDD [28] . It may be due to dietary insufficiency of vitamin D than the recommended level in many children and especially in many adolescents [29] . In another study in India in healthy adolescents of Delhi, 25-hydroxyvitamin D levels were below the cut-off value in 27% and 42% of children of high and low socioeconomic status, respectively and boys had higher levels than girls [30] . In conformity with the above observation, our findings show a significantly lower level of vitamin D among girls with borderline of significance in schoolgirls having 28.6% of VDD. Outila et al. [31] found that 13.5% and 62% of 14-16 year old girls had severe and marginal VDD, respectively in Finland. Moore et al. [29] estimated 50% and 32% of girls aged 9-13 years and 14-18 years, respectively, are meeting the dietary reference intake for vitamin D. Suboptimal intakes of vitamin D in adolescent girls have been well established [32] . Deficiency of 25-hydroxyvitamin D levels (<20 nmol/l) is reported in 963 school children in Tehran, which is five times more prevalent in girls than in boys [33] . In our study, calcium level was found to be low in VDD children as compared to those non-deficient (299.9±106.2 vs. 370.5±102.1), as well as it was found to be significantly positively correlated with vitamin D (r = 0.385, p = 0.014). It has been reported that low vitamin D levels were associated with low calcium intake as well as limited sunlight exposure in Chinese and Mongolian populations [34] . Calcium deficiency was observed in 15% of children in our study. Prevalence of rickets was shown to be common in children mostly attributed to severe mixed calcium and VDD rather than isolated VDD [35] . It was previously established that the principal function of 1,25(OH) 2 D 3 is to maintain serum calcium and phosphate concentration within the physiologically acceptable range for the normal mineralisation of bone [36] . Moreover, low calcium intake and high fibre diet may deplete vitamin D stores [37] . While prolonged and severe VDD leads to rickets in children, it is possible that a more marginal deficiency of vitamin D during early life may contribute to osteoporosis risk as well as potentially to the development of various other chronic diseases which are frequent in Western societies [2] .
Studies have shown that fat and lean mass were not independently associated with vitamin D status in healthyweight sample [38] . However, we found percentage of VDD was marginally associated with thinness of children (p=0.068). Further, rickets is shown to be common in malnourished children [39] . VDD was related to slower linear growth in girls [40] . In Saudi Arabia, BMI was reported to be significantly lower in females with VDD [41] . In contrast many studies showed inverse relation between vitamin D status and BMI-for-age [42] and obesity found to be associated with VDD in children [25] .
In our earlier report it was found that both vitamin A and vitamin E contribute to imunoregulatory functions, since the group of children deficient with vitamin E had high lymphocyte count , which was even still higher when children with VAD added to VED [43] . It was also reported that vitamin D has an immunomodulation property [44] .
There is an antagonistic interaction between vitamins A and D [9] as well as an inverse correlation with vitamin E [45] .
Vitamin A reduces the toxic effects of vitamin D and it was also seen that vitamin D synergists with vitamin E [46] .When vitamin A doses are high it antagonizes the rapid intestinal calcium response to physiological levels of vitamin D [47] .
Excessive storage of vitamin A by liver and kidney may interfere with the metabolism of vitamin D to its active or inactive forms, as well as it further interferes with the intestinal absorption of vitamin E resulting synergism with vitamin D [9] . In our study no such type of interaction was and VED were found to be more among children with VDD.
In this study level of CRP, the biomarker of inflammation was found to be significantly associated with vitamin D. Children having normal vitamin D levels also had elevated CRP level (>10 μg/ml). It has also been reported previously that 25(OH)D at a level ≥21 ng/ml is associated with an increase in serum CRP and it is possible that the role of vitamin D supplementation to reduce inflammation is beneficial only among those with a lower serum 25OH-D [48] . The limitation of this study is small sample size that included 10 children of VDD and further study is required to confirm the results covering adequate
sample. However, literature shows no relationship between inflammatory markers and vitamin D 3 levels [49] .
Risk factors for developing VDD include low maternal levels of vitamin D, indoor confinement during the day, living at higher altitudes, living in urban areas with tall buildings, air pollution, darker skin pigmentation, use of sunscreen and covering much or all of the body when outside [50] . Vitamin D deficiency is not merely concomitant 
